Abstract: This paper aims to explore the current status, research trends and hotspots related to the field of infrared detection technology through bibliometric analysis and visualization techniques based on the Science Citation Index Expanded (SCIE) and Social Sciences Citation Index (SSCI) articles published between 1990 and 2018 using the VOSviewer and Citespace software tools. Based on our analysis, we first present the spatiotemporal distribution of the literature related to infrared detection technology, including annual publications, origin country/region, main research organization, and source publications. Then, we report the main subject categories involved in infrared detection technology. Furthermore, we adopt literature cocitation, author cocitation, keyword co-occurrence and timeline visualization analyses to visually explore the research fronts and trends, and present the evolution of infrared detection technology research. The results show that China, the USA and Italy are the three most active countries in infrared detection technology research and that the Centre National de la Recherche Scientifique has the largest number of publications among related organizations. The most prominent research hotspots in the past five years are vibration thermal imaging, pulse thermal imaging, photonic crystals, skin temperature, remote sensing technology, and detection of delamination defects in concrete. The trend of future research on infrared detection technology is from qualitative to quantitative research development, engineering application research and infrared detection technology combined with other detection techniques. The proposed approach based on the scientific knowledge graph analysis can be used to establish reference information and a research basis for application and development of methods in the domain of infrared detection technology studies.
Introduction
Infrared detection technology refers to the difference in heat transfer caused by defects or internal structural defects on the surface of the measured object, which may cause differences in object surface temperature. The nondestructive testing method detects surface and internal structural defects of an object by displaying the difference through infrared thermal imaging technology. The main instrument is the thermal imaging camera, which uses two different methods: passive and active [1] . In passive thermal imaging cameras, radiation from a target object is measured without any external thermal stimulus. On the other hand, an active thermal imaging camera is an object whose temperature is measured after a period of delay once a sample is subjected to external thermal stimulation [2, 3] . Compared with the conventional nondestructive testing technology, infrared detection technology has many advantages such as fast detection speed, noncontact, wide adaptability, wide temperature range, easy automation and real-time observation [4] .
The intensity of the infrared radiation emitted by the object is mainly a function of temperature. The higher is the temperature, the greater is the emitted infrared energy intensity [5] . This feature can be exploited by many different applications. For example, the positioning of mobile robots in smart spaces [6] . Infrared detection technology was originally used for military purposes, but it has since been widely used in aerospace, agriculture, civil engineering, medicine, and veterinary applications [7] . In the aerospace field, thermal imaging cameras are widely used to detect large aerospace components such as helicopter aircraft, helicopter primary and secondary structures, aero-engine components, spacecraft components and their subsystems [8] . In the medical field, the temperature is a good indicator of health, as several changes in the skin can be used as indicators of possible illness [9] . Therefore, thermal imaging cameras can be used as an alternative diagnostic tool in medical applications. For example, thermal imaging cameras are used to detect tumors on the body surface, such as breast cancer [10, 11] . In addition, infrared imaging technology is used in many other medical applications, such as the diagnosis of diabetic neuropathy or vascular disease [12] , fever screening [13] , skin disease [14] and cardiac surgery [15] . In the field of mechanical testing, infrared thermal imaging is a good detection technology, especially for power production, mechanical maintenance testing, and process monitoring. Examples include electrical equipment inspection [16] , plastic deformation monitoring [17] and other condition monitoring applications [18] . Tensile deformation testing [19] , material fatigue damage assessment [20] , mechanical diagnosis [21, 22] , and weld inspection [23] can effectively reduce costs, and improve production and safety during inspection. In addition, due to its fast thermal imaging, large measurement range and intuitive features, infrared detection technology is suitable for construction. The temperature distribution on the facade of a building provides very useful information on many hidden conditions related to building performance and maintenance [24] . For example, it can be used to detect defects in building structures, energy leaks, and water penetration and moisture [25, 26] .
It can be seen that infrared detection technology has achieved quite good results in individual fields, but continuous research and experiments are needed to improve the theory, technology and products. To better understand the application and development of infrared detection technology in various fields, based on the WOS core database from 1990 to 2018, we select information visualization analysis software VOSviewer and Citespace, and using the bibliometric analysis method, the development process and structural relationship of infrared detection technology are displayed in the visualization method and scientific knowledge graph. From the perspective of multivariate dynamic time-sharing of the infrared detection technology, literature information mining is carried out, and the basic theory, research theme and frontier are analyzed. The purpose is to clarify the hotspot changes and future trends of infrared detection technology research. The time, spatial distribution and hotspots of infrared detection technology research literature are discussed and analyzed.
Data and Methods

Data Source
In this paper, we have comprehensively searched the international literature on infrared detection technology, covering a timespan of 1990-2018, from the Web of Science (WOS) core collection by advanced searching: "TS = ("infrared thermography" OR "infrared thermal") AND TS = (detect *)". Through screening, there are 1614 documents from 46 countries or regions, 1746 research organizations, 674 journals and 5476 authors. Eight document types were found in these 1614 documents, as shown in Table 1 . The proportion of articles is as high as 93.247%, followed by conference papers and reviews, accounting for 7.187% and 5.328%, respectively. In addition, the total number of documents in Table 1 is 1731, and the total number is larger than the search results. This is because a document may be repeatedly identified as different type. 
Methods and Tools
With the rapid development of the informational world, to study the theoretical development, research methods or hot topics of a subject and identify the knowledge structure, scholars analyze by visualizing subject knowledge, and the main means is to draw a scientific knowledge graph of the literature data information.
This study used the information published in the WOS database to analyze the statistical publication time, source country/region, research organization, research direction, publication, author, h-index value and total citation frequency and to export the results for charting and analysis. The VOSviewer software is used to draw the national cohesive network density knowledge map of the research literature on infrared detection technology, the research organization coauthored knowledge map, the published citation knowledge map, the author's cocited knowledge map, and the keyword coexisting knowledge map. Citespace software was used to draw the keyword timeline view and analyze using bibliometric methods.
VOSviewer is a document knowledge unit visualization software based on VOS technology developed by Van Eck and Waltman of Leiden University in the Netherlands. It has unique advantages in displaying mapping knowledge, especially in clustering [27] . Citespace V software is a commonly used information visualization software developed by Chen Chaomei of Drexel University in the United States [28] . The current research hotspots, frontiers and trends are explored mainly through the scientific knowledge graph.
Mathematical Model
Van Eck and Waltman [29] proposed a new method for node similarity visualization. Establish n n-type co-occurrence matrices and define the similarity matrix S:
where S ij ≥ 0 is a similarity measure defined below, and S ij = S ji , i, j ∈ {1, 2, · · · , n}. The similarity between two nodes i, and j is represented by the similarity matrix S ij . It shows that the higher is the degree of familiarity, the stronger is the connection between the two nodes. The correlation strength method to calculate the similarity S ij between nodes i and j used VOSviewer as follows:
where C ij represents the number of simultaneous occurrences of nodes i and j, and W i and W j represent the total number of occurrences of nodes i and j, respectively, or the total number of co-occurrences of these nodes. To make the effect of clustering more obvious, the link strength of the node should be as accurate as possible. Nodes with high correlation strength should be close to each other, and nodes with low correlation strength should be away from each other. The main idea of VOS is to minimize the sum of the weighted Euclidean distances of all objects in each cluster. In mathematical notation, the minimized objective function is as follows:
Among them, · is a European norm. To avoid the appearance of two or more similar nodes in the same coordinates, use the following constraints:
In summary, the similarity matrix can be used to construct the node coordinates to draw a visual knowledge network.
In addition, in the density knowledge map, the color of the nodes is determined by the dot density, and the average distance between the two points is represented by the distance d as follows:
D(X) represents the density of the node X (x i , x j ) obtained by the following formula:
where k ∈ [0, ∞), represents the kernel function; h > 0, represents the core width parameter; and W i represents the weight of node i, that is, the total frequency of node i occurrence. The Gaussian kernel function used in VOS is:
After calculating the node density, the weighted average of the object colors in the cluster is calculated to obtain the cluster color, and the weight of one color is equal to the object density of the corresponding cluster. The resulting color is then blended with the background color of the cluster density view, which is typically black or white. The color of the nodes in the map can be obtained.
Results and Discussion
Temporal Distribution of the Literature
To analyze the research trends for infrared detection technology, the relevant annual publication volume data were extracted from the 1990 to 2018 WOS data, and the number of publications, h-index value and articles were drawn by combining the data compiled by the WOS statistical function. The influence of the publication is reflected by the h-index value (a publication set has an h-index of h if at least h papers are cited at least h times and all other papers in this set are cited fewer than h times), and the quality of the paper is reflected by the citation frequency (CPP). As shown in Figure 1 , the volume of publications (TP) generally shows an upward trend with changing year. The h-index value and the CPP trend of slowly rises and then decreases rapidly. The specifics can be divided into the following stages:
The first stage (developmental start-up period, 1990-1994): The annual number of publications is small, and the number is not very different, only 4-5 articles. At this time, the reason for the small number of documents is mainly related to the fact that the research on infrared detection technology was in the initial stage, technical conditions and other factors, and the weak international academic exchange at that time. The h-index value and CPP showed a slowly rising trend, in which the h-index value had a relatively stable upward trend, and the CPP had a relatively large upward trend. (20) to the rapid decline in 2013 (25) . The reason may be related to the publication time of the literature. CPP is a cumulative statistic, so the early literature is cited more frequently, and the greater influence is a normal phenomenon.
At the same time, the total number of authors (TA) is also shown in Figure 1 . It can be found that the variation curve of the total number of authors per year has a changing pattern similar to the variation of publication volume. In general, the research interest in infrared detection technology continues to increase, and researchers are constantly investing in it.
Spatial Distribution of the Literature
Country/Regional distribution
To fully grasp the national spatial distribution of infrared detection technology in the world, relevant data of the top 30 countries were counted, and the total number of publications reached 1727. It can be seen in Figure 2 that there are 786 articles on the research of infrared detection technology in Europe, accounting for 45.51% of the total. In addition, its h-index value is also the highest, reaching 51. This shows that Europe is not only the most active area in the research of infrared detection technology, but its published literature is also the most influential. The Asian, American and Oceanic countries were ranked second, third and fourth, respectively. Although Oceania has the lowest number of publications, the CPP is the highest, reaching 20.83. Although the number of articles in the Asian region is ranked second, the CPP is the lowest, 8 .95, and the h-index is ranked third, but it has reached 31. The reasons may be related to the large differences in the influence and quality of the literature published in Asia. (20) to the rapid decline in 2013 (25) . The reason may be related to the publication time of the literature. CPP is a cumulative statistic, so the early literature is cited more frequently, and the greater influence is a normal phenomenon.
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To fully grasp the national spatial distribution of infrared detection technology in the world, relevant data of the top 30 countries were counted, and the total number of publications reached 1727. It can be seen in Figure 2 that there are 786 articles on the research of infrared detection technology in Europe, accounting for 45.51% of the total. In addition, its h-index value is also the highest, reaching 51. This shows that Europe is not only the most active area in the research of infrared detection technology, but its published literature is also the most influential. The Asian, American and Oceanic countries were ranked second, third and fourth, respectively. Although Oceania has the lowest number of publications, the CPP is the highest, reaching 20.83. Although the number of articles in the Asian region is ranked second, the CPP is the lowest, 8.95, and the h-index is ranked third, but it has reached 31. The reasons may be related to the large differences in the influence and quality of the literature published in Asia. To further explore the spatial distribution of the literature, the VOSviewer software was used to map the cohesive network density maps between different countries, as shown in Figure 3 . The research interest on infrared detection technology in various countries is reflected by the network density map. Different countries are represented by different nodes, and the deeper is the color, the more documents are published in the country, which means that the country is highly active in the research on infrared detection technology. As shown in Figure 3 , the Chinese node has the deepest color and the highest density, indicating that China is the most active country, followed by USA and Italy. In addition, it can be seen that many European countries have also played an important role, such as France, Germany, Great Britain, and Spain. 
Organization Distribution
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From the perspective of the distribution of research organizations, the top ten research organizations, as well as their countries, h-index values and total citations are listed in Table 2 . The Centre National de la Recherche Scientifique is the highest-volume research organization with 63 articles. Its h-index value and total citation frequency are ranked first, 18 and 1360 times, respectively. Laval University of Canada ranked second with 43 articles. This was followed by Tomsk Polytechnic 
From the perspective of the distribution of research organizations, the top ten research organizations, as well as their countries, h-index values and total citations are listed in Table 2 . The Centre National de la Recherche Scientifique is the highest-volume research organization with 63 articles. Its h-index value and total citation frequency are ranked first, 18 and 1360 times, respectively. Laval University of Canada ranked second with 43 articles. This was followed by Tomsk Polytechnic University in Russia and the University of Naples Federico II in Naples, both with 29 articles, but the University of Naples Federico II h-index values and total citations are ranked in third and second, respectively, indicating that its published literature has higher influence and quality than that of Tomsk Polytechnic University. In addition, the University of California System in the USA, although its number of publications is not high, its h-index value of 17 is ranked second, and the articles are ranked highest by 37.19 times, indicating that the literature published by the research organization is very influential and plays an important role in infrared detection technology research. The cooperation between various research organizations was considered, and VOSviewer software drew the coauthored network knowledge map between research organizations, as shown in Figure 4 . The cooperation relationship between different research organizations is the most important reflection of the network knowledge map. The number of documents published by the corresponding research organization is represented by the size of the node. The relationship between the two studies is represented by the connection line between the nodes, and the closeness of the connection is represented by the thickness of the connection line. It can be seen in Figure 4 that the two most closely related research organizations are Laval University and the University of Aquila, followed by the University of Science and Technology of China and Newcastle University in the UK. In addition, information about the number of partnerships is also expressed in Figure 4 , with the largest number of partnerships being Laval University, followed by the University of California System and The University of Arizona.
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Publication Distribution
Publications are the main carrier of academic communication. Through the analysis of statistical data, the core publications of infrared detection technology and its application fields can be found. The top 10 research publications are listed in Table 3 . The journal with the largest number of publications is "Infrared Physics Technology", reaching 121 articles, accounting for 7.497% of the total, and its h-index value is also first at 20. To a certain extent, this reflects the great influence of "Infrared Physics Technology" in the field of infrared detection technology, and it is used by most researchers for reference and publication followed by "Ndt & E International" and "Sensors", at 68 and 35, respectively. In general, it can be seen from the distribution of publications that most of the research on infrared detection technology is carried out around engineering, physics, and instrumentation. We considered the cocitation relationship between publications based on the list. The cocited knowledge map of the infrared detection technology research publication was drawn by VOSviewer software. Publications are cited as one or more documents that simultaneously reference documents from two or more journals. It can be seen in Figure 5 that the journals "Infrared Physics Technology", "Ndt & E International", "Astrophysical Journal", etc. have larger nodes, indicating that the frequency of their citations is higher, and it is basically consistent with Table 4 . The thickest links are the journals "Astrophysical Journal", "Monthly Notices of The Royal Astronomical Society" and "Astronomy Astronomical", indicating that the "Astrophysical Journal" and the other two journals have been cited the most. This is followed by the journal "P Soc Photo-opt Ins" and the "Journal of Applied Physics". In addition, nodes of the same color are grouped together to represent a cluster, different clusters are represented by different colors, and the types of publications in the same cluster have high literacy, which means that they are frequently cited together, such as the "Journal of Dairy Science" in the green cluster and the journal "Computers and Electronics in Agriculture". In general, the journals of infrared detection technology that are mainly disseminated, and referenced, are "Infrared Physics Technology", "Ndt & E International", "Astrophysical Journal", etc. Table 4 that infrared detection technology has as many as 100 research directions, including engineering, materials science, equipment, physics, optics and so on. Among them, engineering has the highest document count and h-index, 403 and 36, respectively. The research direction with the CPP is "Plant Sciences" with a ranking of 18, reaching 54.46 times. In general, the research direction of infrared detection technology mainly focuses on two fields: detection and civil use.
Research Focus Analysis
Literature Cocitation Analysis
By analyzing the highly cited literature, we explored the core content of infrared detection technology research. The top 10 literature citations were counted and relevant data such as publications, authors, publication year, number of co-organizers, and number of colocated countries are listed in Table 5 .
In Table 5 , that seven of the ten articles are essay-type documents and three are literature reviews. The highest cited frequency was Rogalski's "Infrared detectors: status and trends", published in "Progress in Quantum Electronics" in 2003, which was cited 585 times. The status and trends of infrared detectors are reviewed in this article, and it describes the infrared detector research direction to improve the performance of unipolar devices, large electronic scanning arrays and higher operating temperatures. The performance of different infrared detectors and the application principles are studied, and the development of uncooled thermal imaging technology is introduced [30] . Ranked second in the cited frequency is "The dynamic compressive behavior of beryllium bearing bulk metallic glasses" by HA Bruck et al., published in the "Journal of Materials Research" in 1996. It was the first study of metallic glass dynamically compressing yield behavior and using a high-speed infrared heat detector to determine whether adiabatic heating occurs during the dynamic deformation of the metallic glass [31] . Ranked third is "A reappraisal of the use of infrared thermal image analysis in medicine" written by BF Jones in 1998. This document is published in the publication "IEEE Transactions on Medical Imaging", which describes the application and development of infrared detection technology in the medical field. It expounds on the physical principles of thermal imaging, analyzes the infrared thermal image of human skin and introduces the infrared camera to medical development [32] . In fourth place is "High-throughput screening of solid-state catalyst libraries" by SM Senkan. This article describes the use of high-speed screening in the field of materials using infrared cameras [33] . Ranked fifth is J Philip's review of the basics of the thermal imaging camera, basic theoretical background, various measurements and its application in various medical fields in "Medical applications of infrared thermography: A review" [34] . In general, these 10 highly cited documents are well-recognized and referenced by researchers who are interested in infrared detection technology. 
Author Cocitation Analysis
Since infrared detection technology has been widely promoted, researchers in different fields are constantly conducting in-depth research. From the data in the WOS core database, as many as 5476 researchers worked on infrared detection technology. The authors of the top 10 posts (the total number of people enumerated is 14 because some have the same number of documents) are listed in Table 6 , and the first two authors are from the same institution in Canada, Laval University, X Maldague and C Ibarra-Castanedo. At the same time, the h-index values of X Maldague and C Ibarra-Castanedo are also the highest, reaching 14. In second, Italy's GM Carlomagno reaches 11. Then, S Sfarra and C Meola from Italy reaches 10. The author with the highest number of citations is AL Schaefer from the University of Alberta, who has been cited 527 times. X Maldague and GM Carlomagno ranked second and third, respectively, with 502 and 486. To show the high thermal degree of the infrared detection technology research, VOSviewer software was used to map the author's cocited knowledge map, as shown in Figure 6 . It can be seen from the node size that X Maldague has the highest citation frequency, followed by C Meola and C Ibarra-Castanedo. It is seen that the number of joints between X Maldague and C Meola is the highest among the number of node connections, followed by NP Avdelidis and E Grinzato. It can also be found that C Meola and C Ibarra-Castanedo are also the most commonly cited, followed by E Ng and M Etehadtavakol. Five clusters are displayed by the author's cocited knowledge map. Among them, red, green and yellow clusters are closely linked and intersect each other. This indicates that the authors of these three types of clusters have close contact in the research of infrared detection technology, and can be applied together in a certain field. However, purple clustering has nothing to do with the other four categories. We can explore whether the relationship between the purple cluster authors and other clusters can establish a relationship that can also provide a new trend for infrared detection technology research.
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Keyword Co-Occurrence Analysis
Keyword Co-Occurrence Network
Keywords provide information about the core content of an article, thus keyword analysis can be used to identify evolving research fronts related to the knowledge domain [35] . We used VOSviewer software to draw the keyword co-occurrence knowledge map of the research literature on infrared detection technology, as shown in Figure 7 . In the keyword co-occurrence knowledge map, the nodes of the same color represent a cluster, and the keywords in the same cluster are closely related, and the links between different clusters explore the relationships contained therein. As shown in figure, these keywords are divided into five clusters, represented by green, red, blue, yellow, and purple. 
Keyword Co-Occurrence Analysis
Keyword Co-Occurrence Network
Keywords provide information about the core content of an article, thus keyword analysis can be used to identify evolving research fronts related to the knowledge domain [35] . We used VOSviewer software to draw the keyword co-occurrence knowledge map of the research literature on infrared detection technology, as shown in Figure 7 . In the keyword co-occurrence knowledge map, the nodes of the same color represent a cluster, and the keywords in the same cluster are closely related, and the links between different clusters explore the relationships contained therein. As shown in figure, these keywords are divided into five clusters, represented by green, red, blue, yellow, and purple. Cluster 1 (green): Green clustering is mainly applied to the research of infrared detection technology in the fields of medicine, veterinary science, animal husbandry and agriculture. Among them, the keyword with the most frequency and connected nodes is "thermography", followed by "temperature" and "thermal imaging", among which temperature is the most important indicator of the life sciences field. The medical applications can be found by the keyword "body-temperature". Cluster 1 (green): Green clustering is mainly applied to the research of infrared detection technology in the fields of medicine, veterinary science, animal husbandry and agriculture. Among them, the keyword with the most frequency and connected nodes is "thermography", followed by "temperature" and "thermal imaging", among which temperature is the most important indicator of the life sciences field. The medical applications can be found by the keyword "body-temperature". For example, AF De Salis et al. [36] investigated whether changes in blood flow in vertebral fractures cause changes in skin temperature that can be passed. High-resolution thermal imaging (HRTI) aids in the diagnosis and monitoring of fractures in patients with osteogenesis imperfecta. F Mohammadi et al. [37] evaluated the depth and radius of a tumor by analyzing the infrared thermography. Through the keywords "leaves" and "dairy-cows", it can be found that, in animal husbandry and agriculture, M Sathiyabarathi et al. [38] used infrared cameras to screen and detect early mastitis in hybrid cows. A Pou et al. [39] applied thermal imaging technology to detect the water condition of plants, with the main purpose of monitoring the field of drought threat.
Cluster 2 (red): The red cluster is mainly used for nondestructive testing with infrared detection technology, and it is mainly used in materials, construction, electric power, machinery and other fields. It can also be seen from the keywords "nondestructive evaluation", "nondestructive testing", and "defect detection", which have a high frequency of occurrence. It can be seen that infrared detection technology is active in nondestructive testing. For example, the keyword "composites" can be used to determine the fatigue limit of composites quickly and reliably with EZ Kordatos et al. [40] using a combination of infrared trichoelectric thermography and acoustic emission. This also shows us the new direction of infrared detection technology in nondestructive testing, and explores more convenient and efficient detection methods by combining with other detection technologies. At the same time, this cluster also shows us four methods of infrared detection technology: pulsed thermography proposed by Milne and Reynolds [41] ; lock-in thermography by G Busse of Stuttgart University, Germany [42] ; pulsed phase thermography proposed by Maldague of Laval University, Canada [43] ; and ultrasonic thermography by Favro et al. [44] .
Cluster 3 (blue): The keyword "infrared thermography" in the blue cluster is the node with the highest frequency, the most connected lines and the strongest connection strength. One of the reasons is that "infrared thermography" is related to the search term, and another is that the keyword is the theoretical core. Although infrared cameras are the main detection tools, the development of infrared cameras can also be indirect. It shows that the development of infrared detection technology has been studied throughout the period. The clustering keyword mainly shows the principle, development process, performance, application field and model structure of the infrared camera. The keyword "concrete" can be used to understand that the infrared camera is used in the construction field, especially for the detection of concrete. For example, TM Cheng et al. [45] studied how to actively combine infrared cameras with elastic wave technology to evaluate the state of concrete structures with few resources.
Cluster 4 (yellow): The yellow clusters are scattered, but they are closely related to other clusters. The biggest keywords for nodes are "thermal imaging" and "system". This mainly reflects the research of image processing technology after thermal imaging and the exploration of thermal imaging systems. For example, Lahiri et al. [34] studied the progress of infrared cameras in the medical field, and analyzed the basic theoretical background, measurement methods, image processing, data analysis and numerical simulation of infrared cameras.
Cluster 5 (purple): Purple is a small cluster with only four keywords: "infrared thermal emission", "planetary systems", "radiation", and "photometric techniques". From the keywords, space is the main research object. For example, L Kreidberg et al. [46] searched for atmospheric properties by accurate near-infrared transmission spectra of Jupiter's WASP-12b to find strong evidence of water uptake.
In general, the research hotspots for infrared detection technology in the past 30 years have been fully demonstrated by the keyword co-occurrence network knowledge map, and the connection of various research directions. The infrared thermal imaging camera is the main embodiment of infrared detection technology. It determines the temperature distribution of an object or region of interest in a short time with statistical analysis of anomalies.
Keyword Timeline View
The keyword co-occurrence knowledge map does not show the time distribution of hotspots well, for studying the development and trend of infrared detection technology. Therefore, Citespace software was used to draw the keyword timeline view, as shown in Figure 8. emission", "planetary systems", "radiation", and "photometric techniques". From the keywords, space is the main research object. For example, L Kreidberg et al. [46] searched for atmospheric properties by accurate near-infrared transmission spectra of Jupiter's WASP-12b to find strong evidence of water uptake.
The keyword co-occurrence knowledge map does not show the time distribution of hotspots well, for studying the development and trend of infrared detection technology. Therefore, Citespace software was used to draw the keyword timeline view, as shown in Figure 8 . The infrared detection technology hotspot change with time is described by the keyword timeline view, with time as the x-axis and keyword as the y-axis. The horizontal analysis is of the earliest keyword period and its research progress, and a longitudinal analysis is of the differences and linkages of different clustering keywords. The keywords all correspond to the nodes in the graph. The infrared detection technology hotspot change with time is described by the keyword timeline view, with time as the x-axis and keyword as the y-axis. The horizontal analysis is of the earliest keyword period and its research progress, and a longitudinal analysis is of the differences and linkages of different clustering keywords. The keywords all correspond to the nodes in the graph. The larger is the node, the more frequently do the corresponding keywords appear in a year. The sudden strength of the keyword is represented by the node color depth, which also means that the keyword is a hot spot in that period. Figure 8 shows that the nodes with higher frequency appearing in the keyword timeline view are "infrared thermography", "thermography", and "temperature", and these three keywords are also the first words appearing in the cluster. It means that this is a new research hotspot and direction at that time. The data retrieval time was from 1990 to 2018. It can be seen from the figure that "infrared thermography" has been a hot spot since 1990. It also runs through the whole period of research and is basically related to each keyword. It means that, with the continuous development, infrared detection technology will be more and more widely used in various fields. At the same time, through the "infrared thermography" timeline view, it can be found that the words "lock-in thermography", "defect", "nondestructive evaluation" and "nondestructive testing" appear between 2004 and 2008. In this period, the application of infrared detection technology to nondestructive testing was a hot spot and was rapidly developed.
In the past five years, sudden hot spots have increased. Vibration thermal imaging, pulse thermal imaging, photonic crystals, skin temperature and remote sensing technology has become the hotspots for infrared detection technology, and the key to sudden emergence in 2018 the word "delamination" indicates that the latest research hotspot is the detection of delamination defects with infrared cameras, mainly for the detection of layered structures or material and concrete delamination in the construction field. For example, Montinaro et al. [47] detected the debonding defects between aerospace grade fiber metal laminate layers by analyzing the characteristics of the thermal image obtained by the nondestructive infrared testing device. QH Tran et al. [48] used a square pulse thermal imager to analyze various heating and environmental conditions for concrete samples, aiming to comprehensively study the effect of steel on stratification detection capability when the width to depth ratio of the layer is equal to or less than 2.0.
There are six timelines in Figure 8 that are the progress time distributions of the six clusters. In addition to the infrared camera, the timeline view of applying this clustering to nondestructive testing is also studied by thermal imaging methods, temperature distribution analysis, image processing technology research, and applications in various fields. Among them, an emerging research hotspot in the past 10 years is making image processing technology more intuitive, accurate and easy for detection and analysis.
As shown in Table 7 , Citespace software is obtained by the PathFinder algorithm, in which the 22 keywords with the strongest burst strength are listed, as well as start time, end time and intensity. Table 7 shows that the research hot spots are constantly changing each year, and the break out time for keywords is also different. The key to the most explosive outbreak is inspection, which broke out between 2016 and 2018. It is known that inspection is a hot topic in recent years, involving many fields, such as construction, electric power, industrial fields, etc. At the same time, pulsed thermography, nondestructive evaluation, etc. are also keywords with high breakout strength. It can be found that inspections, evaluations, and principles and applications are involved in nondestructive testing. The hotspots that erupt in different time periods are also different, such as the principle and application breakout during 2016-2018, and the detection breakout during 2013-2015. We also found that the keywords with strong bursts in the table are basically highlighted in the past ten years, which also indicates that the interest in infrared detection technology has been increasing in the past decade, and the research content is getting more and more abundant. 
Research Evolution Analysis
Infrared detection is a newly developed nondestructive testing technology. The main evolution presents the process from knowledge theory to practical application. The main three aspects are the basic theory of infrared detection technology, infrared thermal imaging and new infrared detection technology. The specific evolutionary path is shown in Figure 9 . 
Infrared detection is a newly developed nondestructive testing technology. The main evolution presents the process from knowledge theory to practical application. The main three aspects are the basic theory of infrared detection technology, infrared thermal imaging and new infrared detection technology. The specific evolutionary path is shown in Figure 9 . The basic theory of infrared detection technology was first proposed in the 1960s by Green and Alzofon, mainly to study the possibility of infrared detection but it is still in its infancy. In the 1970s, with the work done by Carlslaw [49] as a representative, the heat conduction theory was gradually introduced into the research of infrared thermal image detection. Subsequent research has been mainly about heat transfer around heterogeneous bodies. The typical representative is Maldague [50] and others. They successively modeled one-and two-dimensional heat conduction under different thermal or cold excitation conditions and obtained corresponding analytic or numerical solutions. The theoretical basis of infrared detection technology is provided by these works.
From the late 1980s up to now, the development of infrared detection technology based on infrared cameras continuously improved the acquisition rate, image number, sensitivity and other aspects, developed computer digital signal processing technology and explored heat transfer numerical calculation methods. New detection methods and signal processing techniques have been continuously proposed to improve the accuracy of infrared thermal image detection. Representative of the comparison is pulsed, lock-in, pulse phase and ultrasonic thermography. At the same time, with the hot spot of infrared detection technology continuously improving, various new technologies for infrared thermal image detection and evaluation have emerged.
The evolution of infrared detection technology is shown in Figure 10 . There are seven clusters, marked in order of appearance to helps us better understand the development context. It can be found that most evolution of infrared detection technology began with exploring the theory and methods for infrared thermal imaging. Then, gradually good applications and results were achieved in the three directions of life science, nondestructive testing and condition monitoring. Among them, medical diagnoses, animal and plant vital signs are mainly diagnosed in the life science direction; nondestructive testing is mainly for research on new methods and technologies for construction, machinery and electrical; and the state monitoring direction mainly reflects real-time monitoring of state, deformation, abnormality and quality assurance for industrial machinery and electrical equipment. At the same time, the technical level development represented by pattern recognition and computer-aided detection or diagnosis is also an important branch in the evolution process, providing technical support for infrared detection technology, optimizing the thermal imaging map, and improving its adaptability. machinery and electrical; and the state monitoring direction mainly reflects real-time monitoring of state, deformation, abnormality and quality assurance for industrial machinery and electrical equipment. At the same time, the technical level development represented by pattern recognition and computer-aided detection or diagnosis is also an important branch in the evolution process, providing technical support for infrared detection technology, optimizing the thermal imaging map, and improving its adaptability. In addition, we also found that the main research direction for future development of infrared detection technology is to overcome technical difficulties. The new infrared detection technology In addition, we also found that the main research direction for future development of infrared detection technology is to overcome technical difficulties. The new infrared detection technology corresponds to a more advanced infrared camera. Therefore, in addition to medical infrared cameras, it is necessary to develop special infrared products suitable for as many other fields as possible to enhance the applicability of infrared detection technology. In the fields of military, medicine, construction, electric power, etc., many applications of infrared detection technology have been obtained, showing that it will play an increasingly important role in human life.
Conclusions
We used the bibliometric method and visualization technology to analyze the spatiotemporal distribution, research hotspots and trends for infrared detection technology research literature, and used VOSviewer and Citespace software to draw relevant scientific knowledge graphs and the following conclusions:
(1) The total number of articles and authors is on the rise, indicating that research on infrared detection technology is rapidly developing in the global academic community. Countries such as China, the USA, and Italy are development centers and active areas for infrared detection technology. French research organizations such as the Centre National de la Recherche Scientifique are more prominent in the research of infrared detection technology, and they have a large number of publications and a high average article quality. The journals "Infrared Physics Technology" and "Energy and Buildings" are authoritative in the field and are important platforms for publishing and communicating research results. In the authors' cocitation network, the academic relationship between authors is close, and X Maldague from Canada is more prominent, ranking high in the number of citations and article quality.
(2) The keyword "infrared thermography" in the co-occurrence and timeline view is not only the most frequent but also the keyword for all the periods of infrared detection technology research. By fitting the keywords to obtain five clusters, the core keywords of each cluster can be integrated to know that infrared detection technology is mainly used in nondestructive testing technology. The infrared camera is the main detection instrument, and its performance and the corresponding image processing technology are also driving forces for the research and development. Nondestructive testing between 2004 and 2008 emerged as a hotspot in the research of infrared detection technology, and thermal imaging image processing technology also appeared as a new research hot spot. In the past five years, vibration thermal imaging, pulse thermal imaging, photonic crystals, skin temperature, remote sensing technology and concrete delamination defect detection are prominent research hotspots.
(3) At present, infrared detection technology is widely applied and researched, but most studies remain at the qualitative level, that is, the information obtained by using infrared detection is combined with the tester's own experience to make a qualitative judgment as to whether there is a defect. Therefore, the gradual transformation from qualitative research methods to new quantitative methods, and gradually moving toward standardization is one of the important trends of infrared detection technology research. The requirements for online testing, automated testing and portable testing equipment will be higher and higher, and the testing system will be developed towards automation, portability and humanization. Therefore, engineering application research is also one of the important trends for infrared detection technology. In addition, the combination of five conventional detection technologies with infrared detection technology is also an important research trend. To better solve practical detection problems, a combination of multiple detection technologies and complementary advantage makes detection more efficient and accurate.
